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Abstract 
 
Background: Older adults may have difficulty meeting the Physical Activity (PA) Guidelines. A 
favorable balance between PA and sedentary time (SED) is an important determinant of physical 
performance in older adults. Our objective was to explore associations of PA/SED with physical 
performance across mid-older age in adults without overt mobility disability. 
Methods: Framingham Offspring Study  participants free of mobility disability with 
accelerometry and physical performance data (gait speed, chair stand time, and handgrip 
strength), were studied in cross-sectional analysis (n=1352). We regressed physical performance 
on PA level, measured using steps, moderate to vigorous (MV)PA and SED. We stratified by age 
groups, adjusted for covariates, and modelled MVPA and SED separately and together as 
predictors.  
Results: Only 38% of adults 50-64 years and 15% of adults ≥75 years met the PA Guidelines 
(i.e., 150 minutes MVPA per week). Individuals achieving at least 5 minutes/day of MVPA had 
0.062±0.013 m/s greater gait speed and better chair stands and handgrip strength (in women) 
than those with <5 minutes/day of MVPA (p<0.01) across mid-older age. SED was associated 
with poorer performance on gait speed and chair stand tests, but results were not significant after 
adjusting for MVPA (p>0.05). For adults ≥75 years, every 5000 more steps/day related to ~0.045 
m/s greater gait speed (p=0.006). 
Conclusion: Our cross-sectional study demonstrated that, across mid-older adulthood, MVPA 
related to better physical performance, but in adults ≥75 years, total steps walked associated with 
better gait speed. These data warrant future research on the impact of PA on physical 
performance and health outcomes in older age. 
Key words: Epidemiology, physical function, sedentary, accelerometry, gait speed
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Highlights  
 Achieving at least 5 minutes/day of MVPA related to better physical function. 
 Accumulating more steps/day related to greater gait speed in adults ≥75 years. 
 Only 15% of adults ≥75 years met the Physical Activity Guidelines for Americans. 
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ABBREVIATIONS: 
 
minutes (min)  
physical activity (PA)  
moderate to vigorous PA (MVPA) 
sedentary time (SED)  
kilograms (kg)  
body mass index (BMI) 
cardiovascular disease (CVD) 
National Health and Nutrition Examination Survey (NHANES) 
Metabolic equivalents (METs)  
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Introduction 
The decline of physical function  predicts disability and mortality in older adults.(1, 2) Over the 
next two decades, it is expected that >15 million older adults in the United States will be living 
with mobility disability (defined as inability to walk ¼ mile), potentially adding an estimated $42 
billion to annual health care costs.(2, 3) One of the leading factors related to years lived with 
physical disability is physical inactivity.(4) By the same token, intervention programs to increase 
physical activity (PA) have emerged as a potentially effective prevention strategy for decreasing 
incident mobility disability.(5, 6) ..(7) Objective accelerometry data from nationally 
representative samples have revealed that few older adults meet the traditional 150 minutes 
(min)/week of moderate to vigorous PA (MVPA) Guidelines for Americans from 2008.(7, 8) 
New national guidelines for PA released in 2018 recommend incremental PA for older adults 
who are not able to meet the MVPA Guideline and suggest that some PA is better than none.(9) 
However, exact intensities and durations of PA associated with mobility and physical 
performance in older age have not been well characterized.  
Recent data suggests that maintaining a favorable balance of more light intensity PA and 
less sedentary time (SED) may decrease mortality in older adults.(10, 11) In older age, PA 
begins to decline and SED increases.(12) These lifestyle changes have also been associated with 
worse self reported mobility and health status.(13-16) There is also prior evidence regarding the 
association between objective measures of PA and SED with objective physical performance 
measures.(5, 17-22) Previous studies have suggested that SED may actually be a separate risk 
factor for disability, regardless of the amount of PA obtained,(21) possibly through independent 
mechanisms involving the influence of SED on metabolic regulation in muscle tissue.(23) Few 
prior studies have excluded participants with mobility disability,(5, 20, 22) who have 
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significantly higher SED, even after adjusting for MVPA;(21) therefore, it is unclear whether 
reverse causality (i.e., the effect of a severe mobility disability on PA and SED behavior) may 
have influenced prior results.  
For the current investigation, we examined whether PA and SED were associated with 
physical performance in cross-sectional analyses, at a time before participants developed overt 
mobility disability in a community-based cohort study. Our design minimizes, but does not 
remove the potential influence of reverse causality. Secondarily, we assessed whether these 
associations differed by age group. We hypothesized that the total volume of PA (measured as 
total steps per day) and lower SED would correlate with physical performance in older 
adulthood. The ability to distinguish PA durations and intensities that are related to physical 
performance outcomes across middle and older age ranges may provide evidence supporting the 
establishment of more attainable goals for total PA and SED in the PA Guidelines for older 
Americans, which currently focus on achieving MVPA. 
 
Methods 
The Framingham Offspring Study (N=5124) is an ongoing longitudinal cohort study that began 
in 1971.(24) In 1994, the Omni Cohort 1 study was initiated, consisting of residents of 
Framingham who identified as members of a minority group (N=507).(25) The present study 
includes participants who attended Offspring examination cycle 9 (N=2430) or Omni Cohort 1 
examination cycle 4 (N=301) in 2011 to 2014, completed the self-reported mobility 
questionnaire and objectively measured physical performance battery, and agreed to wear the 
accelerometer to measure objective PA (N=1845). Participants were excluded if they wore the 
accelerometer for <4 valid days (n=390), were <50 years of age (n=6), self-reported having a 
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mobility disability (n=82) or if they were missing covariate data (n=15). The final sample size 
was 1,352 (approximately 50% of attendees at the 2011-2014 examinations). Mobility disability 
was defined as self-reported inability to walk one half mile or climb one flight of stairs. 
Although exclusion for self-reported mobility disability likely did not completely remove 
individuals with disabilities, our goal was to limit potential bias toward self-exclusion and to 
limit the effect of reverse causation in our results, which cannot be completely eliminated. 
Analyses showing demographics and PA behavior in participants excluded for mobility disability 
is reported in Supplemental Table 1. All participants provided written informed consent, and 
the institutional review board at Boston University Medical Center approved the study protocols.  
Physical Performance 
We assessed gait speed using the faster of two trials on a 4-meter (m) course walked at usual 
pace.(1, 26, 27) We also assessed lower body strength by measuring the ability and time taken to 
stand five times from the sitting position in a straight-backed chair with arms folded, termed the 
chair stand test/task.(28) Handgrip strength was assessed by measuring the highest force 
generated (in kilograms [kg]) by participants asked to squeeze a JAMAR dynamometer 
(Sammons Preston/JLW Instruments, Chicago, IL, USA) as hard as possible, three times in each 
hand.(29)  
Physical Activity Accelerometry 
All participants were asked to wear an omnidirectional accelerometer (Actical model no. 198-
0200-00; Philips Respironics) on the hip for 8 days during all hours throughout the day and night 
(except when bathing).(30) Recorded signals (within 0.5-3 Hz and accelerations/decelerations 
within 0.05-2 g) were grouped into “counts” or “steps” at 30 second (s) intervals and averaged 
over 1 min intervals. Data were processed for quality control and analyzed at the Framingham 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT
Heart Study using customized software (Kinesoft, version 3.3.63), during which the first day of 
wear was removed from the dataset.(30) The measurement of steps by Actical devices has been 
externally validated.(31) 
Accelerometer data was considered valid if the device was worn for ≥10 hours per day 
for at least 4 days, not including the first day of wear on which the device was given out. Non-
wear time was removed during data processing (defined as 60 consecutive min of zero counts, 
allowing for 2-min interruption periods). SED was defined as <200 counts/min and light 
intensity PA was defined as 200-1486 counts/min.(30) SED and light intensity PA were only 
considered during wear time occurring between 6 AM-10 PM, and were reported as a percentage 
of wear time (%SED and %Light Intensity PA). Due to high correlation between %SED and 
%Light Intensity PA (r=-0.90, p<0.0001, Supplemental Table 2), only %SED results were 
displayed in the main document. MVPA was defined as >1486 counts/min.(32, 33) MVPA and 
total steps per day were considered during any time of the day.  
Covariates  
Covariates included body mass index (BMI), current smoking, stage II hypertension (using the 
2017 American College of Cardiology/American Heart Association Hypertension Guideline, 
systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg),(34) diabetes 
mellitus (fasting blood glucose ≥126 mg/dL, or diabetes medications), prevalent cardiovascular 
disease (CVD), and prevalent cancer. 
Statistical Analysis 
Descriptive statistics were presented overall and by age group as follows: means and standard 
deviations for continuous variables and frequencies for the categorical variables (Table 1). 
Medians and quartiles 1 and 3 are also presented in Supplemental Table 3. Chair stand time and 
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MVPA were log-transformed for the analysis. For each outcome (gait speed, chair stand time, 
and sex-specific handgrip strength) and each of the following predictors (SED, MVPA, and 
steps), two sets of linear regression models were performed.  The first set was adjusted for age, 
sex, cohort, season, wear time and residence in New England (vs. elsewhere). The second set 
was additionally adjusted for BMI, current smoking, hypertension, diabetes mellitus, CVD, and 
cancer. For the MVPA and SED models, a third model was added, additionally adjusting SED 
models for MVPA and MVPA models for SED to test which PA component was the more 
predominant factor related to physical performance. Each set of models was repeated stratifying 
by age group (50-64, 65-74, and ≥75 years). Partial Pearson correlation coefficients between the 
physical activity variables adjusting for age, sex, cohort, season, wear time and residence in New 
England were also presented. For primary analyses, an alpha value of 0.05 was our threshold for 
statistical significance. For the interactions, alpha of 0.10 was set as the threshold.  
 
Results 
Only 38% of adults aged 50-64 years achieved the PA Guidelines of performing 150 min of 
MVPA per week (calculated using the average MVPA min/day multiplied by 7). Guideline 
achievement dropped to 15% in participants ≥75 years (Table 1). Approximately 50% of 
participants ≥75 years achieved less than 5 min of MVPA per day (Table 1 and Figure 1). In 
data standardized to a 16-hour day, average SED increased across our age categories by almost 
one hour due to decreases in MPVA (by ~13 min/day) and light intensity PA (by ~42 min/day). 
Average gait speed decreased from 1.23 to 1.08 m/s across age groups. The percent of 
participants in each age group achieving PA and physical performance categories are displayed 
in Figure 1 and Supplemental Figure 1. By comparison, for participants that were excluded 
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from the main results of this investigation due to self-reported mobility disability (mean age 
73.7±8.3 years), only 2% achieved the PA Guidelines, 80% did not even achieve 5 min 
MVPA/day, and physical performance of the lower body (gait speed and chair stand time) were 
poorer than those included in the investigation (Supplemental Table 1). 
In participants without mobility disability, MVPA was associated with a higher gait 
speed, lower time to complete five chair-stands (β=0.041±0.006 and β=-0.044±0.008, both 
p<0.0001, Table 2) and higher handgrip strength in men (β=1.25±0.42, p=0.003) and women 
(β=1.03±0.26, p<0.0001) in multivariable models including adjustment for SED. No statistical 
interactions by age group were detected for the association of MVPA with any physical 
performance variable. Similarly, the number of steps taken per day was also associated with 
better performance on the chair-stand task (lower time) in the full sample (β=-0.007±0.002, 
p=0.0002, Table 3), without evidence of a statistical age interaction.  
Interactions by age were observed for the relations of steps and SED to many of the 
physical performance measures (p<0.10, Table 3). Higher total activity (measured by steps/day) 
and lower SED were associated with higher gait speed in participants ≥75 years (β=0.009±0.003, 
p=0.006; β=-0.007±0.002, p=0.0003), but the relation with SED was no longer significant after 
adjusting for MVPA (β=-0.002±0.002, p=0.327). Similarly, associations of SED with worse 
performance on chair stand (higher time) and handgrip strength (in women only), were no longer 
significant after adjustment for MVPA (p>0.20). In contrast, in men, there were unexpected 
relations of lower steps and higher SED to higher handgrip strength in middle age (50-64 years: 
β=-0.54±0.20, p=0.007; β=0.420±0.123, p=0.0008) and in older age (≥75 years: β=0.303±0.120, 
p=0.013). 
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 Individuals achieving at least 5 min/day of MVPA have 0.062±0.013 m/s greater gait 
speed than those with <5 min/day of MVPA (p<0.0001) across middle and older age (Figure 2 
and Table 2). For adults ≥75 years, the magnitude of the association for every 5000 more steps 
related to approximately 0.045 m/s higher gait speed (Table 3 displays β for every 1000 steps), 
which was slightly smaller than the magnitude of the association of achieving ≥5 min/day 
MVPA. Similarly, for participants ≥75 years old, the relation of SED to gait speed was 
equivalent to ~0.04 m/s for every hour less SED per day (~0.007 m/s for every 10 min less SED), 
but after adjusting for MVPA these relations were no longer significant. Figure 2 also 
demonstrates that ≥5 min/day MVPA is associated with approximately ~1 s lower chair stand 
time, better performance than achieving <5 min/day MVPA (after reversing the log-
transformation on chair stand time, Table 2, p<0.0001). 
 
Discussion 
Our community-based study of middle-aged and older adults free of mobility disability 
demonstrates several important findings with respect to PA and physical function. First, both 
total PA (step accumulation) and MVPA were related to physical performance of the lower body, 
including gait speed and the chair stand task. For the association of total PA with gait speed, 
significance was only observed in persons ≥75 years. MVPA was also positively associated with 
handgrip strength. Second, we observed associations of SED with physical performance of the 
lower body, which did not remain significant after adjustment for MVPA. The 2018 PA 
Guidelines (2
nd
 edition) continue to focus on achievement of MVPA goals for adults (≥150 min 
MVPA/week or ≥21.4 min MVPA/day), young and old alike, based on a consensus from the 
literature and experts.(9) But these new guidelines now also include advice for achieving 
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incremental PA, stating that “even 5 minutes of PA has real health benefits.”(9) The data we 
present supports these current recommendations, identifying associations of the total volume of 
PA, measured by step count, and much lower MVPA levels (achieving just 5 min MVPA per 
day) with physical performance. Our cross-sectional data suggests that even incremental 
differences in PA volume and intensity may play a role in physical function, and vice versa. 
We reported that the relative importance of achieving small amounts of MVPA or taking 
more steps appears to be more prominent than achieving a favorable balance in the proportion of 
time spent in SED in terms of the association with gait speed. To put our results into context, 
previous studies have identified that a PA intervention can improve gait speed(6) and that small 
changes in gait speed (0.1 m/s increments) were associated with better survival.(1) Small 
differences in accelerometer-determined light intensity activity and MVPA were also related to 
lower mortality rates in 3-year follow-up analysis in the Women’s Health Initiative.(35) 
Furthermore, change in gait speed at even smaller increments (0.03-0.05 m/s) have been 
estimated to be clinically meaningful in subjective self-assessments.(36) In our investigation, 
achieving at least 5 min/day of MVPA was associated with 0.062 m/s greater gait speed, across 
the age ranges. For older adults (≥75 years), every 5000 more steps/day achieved was related to 
approximately 0.045 m/s greater gait speed. Because our population of adults ≥75 years take 
only 5577 steps/day on average, doubling one’s total PA to make a modest clinical impact on 
gait speed may not be a attainable goal. 
Although the size of the association with SED appeared robust for participants ≥75 years 
old (~0.04 m/s for every hour less SED), after adjusting for MVPA these relations were no 
longer significant. However, it is important to remember that we have only presented data from 
participants not reporting mobility disability and may have higher physical function. Our goal 
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was to limit the effect of reverse causation by participants with severe mobility disability, 
although reverse causation likely still does play some role in our findings. More research is 
needed with data from longitudinal design to further understand the role of reverse causality. 
Previous literature suggests that SED is strongly related to functional/mobility disability,(21, 37) 
which we confirmed in the current investigation. We observed higher SED and much lower PA 
in participants with mobility disability (excluded from our main investigation, but presented in 
supplemental materials). We were interested in assessing associations of PA and SED with 
physical performance at a time before participants developed mobility disability. 
Recent studies have identified an association of SED with gait speed(19) and other 
measures of physical function,(18, 19) which remained after adjusting for MVPA. Although 
investigators in these studies adjusted for wear time rather than index SED to wear time as in our 
investigation, neither previous studies nor the current study are able to account for residual 
confounding by wear time. It is clear that wear time has a major influence on total SED.(17) 
Additionally, the study that observed an association of SED with gait speed was in much older 
adults (mean age 84 years) living in retirement communities with low levels of MVPA (mean 8.7 
min/day) and very poor performance on gait speed task (mean 0.83 m/s).(19) Therefore, although 
a large proportion of our oldest sample had low MVPA (i.e., 50% of adults our sample ≥75 years 
had <5 min/day MVPA), our full investigation is not completely comparable to the retirement 
communities study. Instead, our results are in agreement with a separate investigation in a British 
cohort by Keevil et. al., demonstrating that the association of the proportion of time spent in SED 
relates to poorer gait speed, but in interaction analyses they observed an association of SED with 
gait speed, chair stand time, and handgrip strength in those achieving less than 19 min 
MVPA/day.(17) We must also recognize that individuals with mobility disability were not 
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excluded from this study, but were excluded from our study, possibly contributing to slightly 
different results observed in our investigation. An important future direction may be to 
understand the relation of SED to physical performance in participants with low MVPA. 
We also reported an unexpected result that we are unable to explain, which was that 
lower total step count and higher SED related to higher handgrip strength in middle-aged men. 
One explanation may stem from the known association of BMI with both higher handgrip 
strength and higher SED.(20, 38) Therefore, although we adjusted for BMI, our observations 
could be a result of residual confounding by body composition or due to weight lifting or other 
non-ambulatory activities that are not assessed by accelerometry. Other studies similar to ours 
did not observe these significant associations in their study samples, but also did not test for 
interactions by age group.(17, 20) We may have identified a novel association of SED with 
handgrip strength in middle-aged men, which could theoretically be due to behavioral or 
demographic determinants of SED, possibly including the sedentary nature of certain 
occupations or other hobbies/interests. These relationships require further investigation.  
It is clear that there is a shift towards a less active and a more SED lifestyle in older age 
but more studies are needed to understand whether the pattern and duration of SED has an 
impact on healthy aging and physical function. It will also be important to understand potential 
causes of increased SED behavior in older age that may be unrelated to mobility, such as 
changes in employment status and social behavior. Furthermore, our decision to standardize wear 
time to a 16 hour day may introduce some bias because SED may not be equally distributed 
throughout the day. However, it was important to standardize wear time because of the strong 
correlation of SED with device wear time that we reported in the supplemental material. We 
must also acknowledge the potential influence of selection bias (including survival bias), which 
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limits our analysis to individuals who have survived and agreed to participate in the ninth 
Offspring examination. Individuals that participate in accelerometry studies are typically more 
healthy than those who opt out.(39) 
The current investigation was a cross-sectional observational study and, therefore, 
precludes inferences of causality or temporality. The interpretation that most likely explains our 
results is a bi-directional association, in which declining PA and physical function both have 
causal pathways that impact one another.(17) While the large sample size allowed us to account 
for covariates, others, such as chronic obstructive pulmonary disease, arthritis, and other pain, 
may account for some of the observed associations. This study may also lack generalizability to 
individuals of non-European ancestry. Individuals of non-European ancestry are included in the 
Omni cohort, but these numbers are too small to analyze separately. 
It is also important to mention that the ranges of steps we observed in our study were 
higher than study samples of similar ages.(40) Average reported steps/day for the National 
Health and Nutrition Examination Survey (NHANES, 2005-2006) were consistently >2,500 
steps/day lower for each age group (NHANES ages 60-64 years: 5444 steps/day; age 65-74 
years: 4030 steps/day; ages 75-79: 2519 steps/day; ages 80-84 years: 1928 steps/day).(40) 
NHANES and other studies have used different data censoring methods(40-42) and different 
accelerometer devices, which have different sensitivity to very low walking speeds (low 
frequency movement);(43) thus, influencing absolute levels of step accumulation, which should, 
therefore, be considered cautiously. Actical devices have been demonstrated to be more sensitive 
to low frequency movement than other popular accelerometers, recording a higher percentage of 
steps accumulated at slower walking speeds.(43) Therefore, Actical devices may be more suited 
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to older adults with slower walking speeds. Notably, our average steps/day were similar to those 
reported by the Physical Performance Across the Life-span Study.(22)  
It is also difficult to compare physical function across different large studies due to 
differences in testing protocols.(44) Comparative physical performance measures were similar or 
slightly faster for gait speed and chair stand time compared to other reported reference values by 
age group including NHANES,(22, 45, 46) but our study sample had lower hand grip strength 
than other reference groups.(47) 
The PA Guidelines for Americans have historically focused predominantly on MVPA.(7, 
9) Among Framingham Offspring Study participants ≥75 years old, only 15% were meeting the 
PA Guidelines and 50% were not even performing an average of 5 min of MVPA per day. If we 
focus only on MVPA, it appears that older Americans are inactive, a behavior which is 
associated with increased mortality rates.(48) However, it is possible that the assessment of PA 
intensity in older adults requires more sensitive investigation. MVPA is defined as any PA 
performed at a work rate ≥3 metabolic equivalents (METs) and is most commonly defined as 
activity above the 1400-2500 counts/min accelerometer cutpoint in young and middle aged 
adults.(30, 32, 33, 49) In contrast, older adults often have lower fitness and may achieve 3 METs 
of work at much lower counts of accelerometer movement.(50, 51) Therefore, PA performed at a 
lower accelerometer count threshold, may be more appropriate to determine the proportion of 
older adults meeting PA MET requirements.(12, 52, 53) This is an active area of research and 
other groups are exploring different cutpoints,(35) but for the current study we chose to keep a 
consistent MVPA count threshold across all age groups to test associations related to different 
intensities of movement rather than modifying cutpoints that would define MVPA for each age 
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group. Instead, our analysis of total step count may provide a less biased measure that 
accumulates total PA regardless of intensity.  
Conclusions 
Our cross-sectional study across middle and older ages demonstrated consistent associations of 
higher MVPA, even just 5 min/day MVPA, with better physical performance and some 
association of total step accumulation with physical performance. This result is in agreement 
with the new PA Guidelines which promote the concept that some PA is better than none. 
Associations of SED with physical performance of the lower body did not remain significant 
after adjustment for MVPA. These data warrant future research on the influence of different 
intensities of PA on physical function and health outcomes in the elderly.  
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Table 1. Study Sample Characteristics 
 Overall 
(n=1352) 
Age 50-64 
(n=406) 
Age 65-74 
(n=662) 
Age ≥75 
(n=284) 
Age, years 68.6 ± 7.5 60.0 ± 3.4       69.2 ± 2.8              79.2 ± 3.7            
Women, % 54 55 54 52 
Body mass index, kg/m2 27.6 ± 4.6 27.7 ± 5.1 27.6 ± 4.5 27.1 ± 4.1 
Current smoking, % 5 7 5 2 
Hypertension, % 56 42 58 71 
Diabetes, % 11 7 12 14 
Cardiovascular disease, % 12 6 12 19 
Cancer, % 13 7 12 24 
Physical Activity Variables 
Wear time, min/day 
during 6am-10pm, a 16 h day 
749 ± 71 761 ± 69 747 ± 72 737 ± 71 
Sedentary time, % wear time 
(standardized to a 16 h day, h) 
84.3 ± 6.3 
(13.5 ± 1.0) 
82.1 ± 6.2 
(13.1 ± 1.0)            
84.1 ± 6.0 
(13.5 ± 1.0)       
87.8 ± 5.4 
(14.0 ± 0.9)             
Light intensity PA, % wear 
time 
(standardized to a 16 h day, h) 
13.3 ± 5 
(2.1 ± 0.8) 
14.7 ± 4.9 
(2.4 ± 0.8)           
13.6 ± 5.0 
(2.2 ± 0.8)             
10.8 ± 4.5    
(1.7 ± 0.7)           
Steps/day 6927 ± 3678 7952 ± 3636               6877 ± 3625               5577 ± 3410 
MVPA time, min/day 
Mean ± SD and (min, max) 
19 ± 22 
(0, 254) 
25 ± 25 
(0, 254) 
18 ± 20 
(0, 173) 
12 ± 17 
(0, 96) 
Achieved MVPA Guidelines 
(≥150min/week), % 
27 38 25 15 
% with <5 min MVPA per day  27 10 27 50 
Physical Performance Variables 
Gait speed, m/s 
Mean ± SD and (min, max) 
1.17 ± 0.19 
(0.47, 1.84) 
1.23 ± 0.18 
(0.47, 1.84)                  
1.18 ± 0.18 
(0.67, 1.75)                   
1.08 ± 0.17 
(0.71, 1.59)                
Chair Stands Time, s 
Mean ± SD and (min, max) 
9.9 ± 2.6 
(4.4, 29.8) 
9.3 ± 2.5 
(4.6, 29.8) 
9.8 ± 2.4 
(4.4, 19.5) 
11.2 ± 3.0 
(5.1, 25.3) 
Hand grip strength for men, kg 
Mean ± SD and (min, max) 
39.1 ± 8.7 
(16, 68) 
42.9 ± 9.2 
(19, 68) 
39.2 ± 7.8 
(16, 59) 
33.8 ± 6.8 
(16, 54) 
Hand grip strength for women, 
kg 
Mean ± SD and (min, max) 
23.3 ± 5.7 
(6, 44) 
26.1 ± 5.3 
(12, 39) 
22.9 ± 5.2 
(6, 44) 
20.0 ± 5.1 
(10, 34) 
Abbreviations: physical activity (PA); moderate-to-vigorous physical activity (MVPA); kilograms (kg); 
meters (m); seconds (s); minutes (min)  
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Figure 1. Percent of participants in each age group achieving physical activity categories 
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Abbreviation: Physical activity (PA); moderate-to-vigorous physical activity (MVPA); minutes (min) 
 
Figure 2.  Adjusted means of physical performance measures by categories of MVPA and age group 
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Abbreviations: moderate to vigorous physical activity (MVPA). Adjustment model: age, sex, cohort, wear time, season 
of physical activity monitor worn, residence in New England or other, body mass index, diabetes, cardiovascular disease, 
hypertension, current smoking, cancer, %SED. 
 
Table 2. Relations of MVPA to physical performance measures 
0.90
0.95
1.00
1.05
1.10
1.15
1.20
1.25
1.30
<5 5-10 10-20 ≥20 
MVPA (min/d) 
Gait Speed (m/s) 
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
<5 5-10 10-20 ≥20 
MVPA (min/day) 
Chair Stand Time (s) 
50-64 years
65-74 years
≥75 years 
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<5 5-10 10-20 ≥20 
MVPA (min/day) 
Handgrip Strength 
men, 50-64 years
men, 65-74 years
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Physical 
Activity 
Variable  
 Gait Speed (m/s) ln(Chair Stand) Handgrip Strength 
(Men) 
Handgrip Strength 
(Women) 
Model Β est.±SE p Β est.±SE p Β est.±SE p Β est.±SE p 
Log MVPA 1 0.048 ± 
0.005 
<.000
1 
-0.057 ± 
0.006 
<.000
1 
0.58 ± 0.34 0.090 0.64 ± 0.19 0.0008 
 2 0.041 ± 
0.005 
<.000
1 
-0.047 ± 
0.007 
<.000
1 
0.56 ± 0.37 0.125 0.81 ± 0.20 <.0001 
 2+SED(%) 0.041 ± 
0.006 
<.000
1 
-0.044 ± 
0.008 
<.000
1 
1.25 ± 0.42 0.00
3 
1.03 ± 0.26 <.0001 
 INT x age  0.783  0.155  0.866  0.289 
MVPA (<5 
min vs. ≥5 
min/day) 
2+SED(%) 0.062 ± 
0.013 
<.000
1 
-0.079 ± 
0.017 
<.000
1 
1.51 ± 0.91 0.098 2.05 ± 0.50 <.0001 
 
Abbreviations: Moderate to vigorous physical activity (MVPA); sedentary time as a percent of wear time (SED [%]); 
standard error (SE); interaction (INT).   
The following variables were natural log transformed: chair stand time and MVPA. Beta estimate (B est.) is in units of 
physical performance variable per physical activity variable difference. For the outcomes gait speed and handgrip 
strength, higher is better. For chair stand time, lower is better. 
Model 1: adjusted for age, sex, cohort,  wear time, season of physical activity monitor worn, residence in New England 
or other 
Model 2 (in addition to Model 1 adjustments): body mass index, diabetes, cardiovascular disease, hypertension, current 
smoking, cancer 
Interaction significance was tested only for model 1. Significant p-values were bolded for significance (p<0.05 for 
regression and p<0.1 for interaction analysis) 
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Table 3. Relations of physical activity to physical performance, by age group 
Phys.
Perf. 
Physical 
Activity 
Variable  
 Total sample P for 
INT by 
age 
Age 50-64 
(n=408) 
Age 65-74 
(n=665) 
Age ≥75 
(n=287) 
Model Β est.±SE p Β est.±SE p Β est.±SE p Β est.±SE p 
G
ai
t 
Sp
ee
d
 (
m
/s
) 
Steps (1000 
steps) 
1  0.006 ± 
0.001 
 
0.000
1 
0.032 0.004 ± 
0.003              
0.148 0.004 ± 
0.002              
0.03
7
 0.011 ± 
0.003              
0.000
5 
 2  0.003 ± 
0.001 
 0.018 --  0.001  ± 
0.002 
0.612 0.002  ± 
0.002 
0.35
9 
 0.009 ± 
0.003 
0.006 
SED  1 -0.005 ± 
0.001 
<.000
1 
0.027 -0.003 ± 
0.001            
0.031 -0.004 ± 
0.001           
0.00
2 
-0.008 ±  
0.002             
<.000
1 
(1% or ~10 
min) 
2 -0.004 ± 
0.001 
<.000
1 
-- -0.002 ± 
0.001 
0.127 -0.003 ± 
0.001 
0.02
1 
-0.007 ± 
0.002 
0.000
3 
 2+MVP
A 
  0.0002 ± 
0.001 
 0.876 --  0.001 ± 
0.002 
0.518 0.001 ± 
0.001 
0.50
5 
-0.002 ± 
0.002 
0.327 
C
h
ai
r 
St
an
d
 T
im
e 
(l
o
g)
 
Steps (1000 
steps) 
1 -0.010 ± 
0.002 
<.000
1 
0.266  -- -- -- -- -- -- 
 2 -0.007 ± 
0.002 
0.000
2 
 --  -- -- -- -- -- -- 
SED  1 0.006 ± 
0.001 
<.000
1 
0.071  0.005 ± 
0.002 
0.011 0.005 ± 
0.002 
0.00
4 
0.010 ± 
0.003 
0.000
4 
(1% or ~10 
min) 
2 0.005 ± 
0.001 
<.000
1 
 --  0.003 ± 
0.002 
0.147 0.004 ± 
0.002 
0.01
3 
0.009 ± 
0.003 
0.002 
 2+MVP
A 
0.001 ± 
0.001 
 0.596  -- -0.002 ± 
0.002 
0.406 0.0003 ± 
0.002 
0.86
1 
0.005 ± 
0.004 
0.221 
H
an
d
gr
ip
  (
kg
) 
m
en
 
Steps (1000 
steps) 
1 -0.16 ± 0.09  0.077 0.016 -0.54 ± 0.19 0.004 -0.07 ± 0.13 0.57
0 
  0.22 ± 0.16 0.163 
 2 -0.19 ± 0.09  0.043  -0.54 ± 0.20 0.007 -0.14 ± 0.13 0.30
2 
  0.20 ± 0.16 0.223 
SED  1  0.09 ± 0.05  0.088 0.034 0.27 ± 0.10 0.010 -0.01 ± 0.07 0.84
4 
  0.08 ± 0.10 0.444 
(1% or ~10 
min) 
2  0.10 ± 0.05  0.049 -- 0.26 ± 0.11 0.019  0.01 ±0.07 0.86
1 
  0.11 ± 0.11 0.280 
 2+MVP
A 
 0.19 ± 0.06  0.001 -- 0.41 ± 0.12 0.000
8 
 0.04 ± 0.09 0.67
1 
  0.30 ± 0.12 0.013 
H
an
d
gr
ip
 (
kg
) 
w
o
m
en
 
Steps (1000 
steps) 
1  0.09 ± 0.06  0.125 0.711  -- -- -- -- -- -- 
 2  0.11 ± 0.06  0.078   -- -- -- -- -- -- 
SED  1 -0.05 ± 0.04  0.133 0.025 -0.03 ± 0.06 0.682 -0.001 ± 
0.05 
0.99
2 
 -0.25 ± 0.09 0.004 
(1% or ~10 
min) 
2 -0.05 ± 0.04  0.147 -- -0.01 ± 0.06 0.883    0.02 ± 
0.05 
0.77
5 
 -0.27 ± 0.09 0.003 
 2+MVP
A 
 0.06 ± 0.05  0.165 --  0.06 ± 0.08 0.421    0.01 ± 
0.07 
0.05
3 
 -0.14 ± 0.12 0.233 
Abbreviations: Physical performance measure (Phys. Perf.); moderate to vigorous physical activity (MVPA); sedentary 
time as a percent of wear time (SED [%]); standard error (SE); interaction (INT). 
The following variables were log-transformed: chair stand time and MVPA. Beta estimate (B est.) is in units of physical 
performance variable per physical activity variable difference. For the outcomes gait speed and handgrip strength, 
higher is better. For chair stand time, lower is better. 
Model 1: adjusted for age, sex, cohort, wear time, season of physical activity monitor worn, residence in New England or 
other 
Model 2 (in addition to Model 1 adjustments): body mass index, diabetes, cardiovascular disease, hypertension, current 
smoking, cancer 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
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US
CR
IPT
Interaction significance was tested only for model 1. Significant p-values were bolded for significance (p<0.05 for 
regression and p<0.1 for interaction analysis) 
ACCEPTED MANUSCRIPT
